The 36 Ar(n, γ) 37 Ar (t 1/2 = 35 d) and 38 Ar(n, γ) 39 Ar (269 y) reactions were studied for the first time with a quasi-Maxwellian (kT ∼ 47 keV) neutron flux for Maxwellian Average Cross Section (MACS) measurements at stellar energies. Gas samples were irradiated at the high-intensity Soreq applied research accelerator facility-liquid-lithium target neutron source and the 37 Ar/ 36 Ar and 39 Ar/ 38 Ar ratios in the activated samples were determined by accelerator mass spectrometry at the ATLAS facility (Argonne National Laboratory). The 37 Ar activity was also measured by lowlevel counting at the University of Bern. Experimental MACS of 36 Ar and 38 Ar, corrected to the standard 30 keV thermal energy, are 1.9(3) mb and 1.3(2) mb, respectively, differing from the theoretical and evaluated values published to date by up to an order of magnitude. The neutron capture cross sections of 36, 38 Ar are relevant to the stellar nucleosynthesis of light neutronrich nuclides; the two experimental values are shown to affect the calculated mass fraction of nuclides in the region A=36-48 during the weak s-process. Ar, the filling was made by successive compression with a custom-made piston and cryogenic pumping in order to achieve the required pressure (∼30 bar). The samples used are listed in Table I . For the samples irradiated at SARAF-LiLiT (Table I) ionization chamber [26] , located ∼80 cm downstream the target at 0
Ar and 38 Ar gas samples [27] were enriched to 99.935% and 99.957% for the respective isotopes. The final 37 Ar/ 36 Ar ratios were obtained by taking a weighted average of the AMS and LLC results (Fig. 2) . Sphere #52a was irradiated with 1 mm thick Cd shield to estimate the epithermal neutron fraction. The 38 Ar/ nat Ar ratio for sphere 54 (52b) is 11.7 (10.2). For more details see the Supplemental Material [28] . Ar, the filling was made by successive compression with a custom-made piston and cryogenic pumping in order to achieve the required pressure (∼30 bar). The samples used are listed in Table I . For the samples irradiated at SARAF-LiLiT (Table I ), each gas sphere was placed with a 25 mm-diameter Au foil (12.5 µm thick), used as a neutron fluence monitor in an evacuated chamber downstream of LiLiT (Fig. 1) . LiLiT consists of a windowless film of liquid lithium (1.5 mm thick, 18 mm wide) flowing at 2-3 m/s, serving as both the neutronproducing target and the kW-power beam dump for the incident ∼1.5 mA proton beam [19, 20] . The distance from the neutron source to the center of the Ar-filled sphere was 11.3 mm, intercepting ∼ 30% of the outgoing neutrons. The proton beam energy, measured by
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Rutherford back scattering off a Au target after the acceleration module, was found to be 1932 ± 3 (1940 ± 3) keV for the 36 Ar ( 38 Ar) irradiation. A proton beam energy spread of ∼15 keV, estimated from beam dynamics calculations, was verified experimentally [24] . Autoradiographic scans [25] of the Au foils were conducted to determine proton beam centering.
An offset of 2.0 (2.2) mm for the 36 Ar ( 38 Ar) irradiation was found; this offset was accounted for in our simulations. The neutron yield was continuously monitored with a fission-product ionization chamber [26] , located ∼80 cm downstream the target at 0
• . The fission chamber count rate was calibrated to beam current (at low intensity) using a Faraday cup located ∼1 m upstream of the Li target. The total integrated current was ∼10. , where Φ n is the effective neutron fluence (n/cm 2 ). In view of the complex geometry of the gas sphere irradiation, Φ n is calculated as Φ n = ln V where V (0.46 cm 3 ) is the gas sphere's volume, l n is the length a neutron travels inside the Ar gas and l n is the sum of the lengths traveled by all the neutrons inside the Ar gas sphere during the irradiation.
l n is calculated by a detailed simulation (see below), taking a statistically representative sample of neutrons and scaling by the Au activity. The experimental cross section measured in our experiments is an energy-averaged value over the neutron spectrum and interpretation in terms of a Maxwellian Averaged Cross Section (MACS) requires knowledge of the shape of the spectrum. The integral neutron spectrum seen by the targets under the irradiation conditions of the experiment is however not measurable. Instead we rely on detailed simulations using the codes SimLiT [50] for the thick-target 7 Li(p, n) neutron yield, and GEANT4 [51] for neutron transport ( Fig. 1 ) [52] .
The SimLiT-GEANT4 simulations have been carefully benchmarked in separate experiments and excellent agreement with experimental time-of-flight and (differential and integral) energy spectra was obtained [50, 52, 53] . The simulated neutron spectrum,
is well fitted in the range E n ∼ 0 − 110 keV (∼ 90% of the incident neutrons) by a Maxwell-Boltzmann
∝ E n exp(−E n /kT ) with kT ∼ 47 keV (Fig. 1) . The quantitative normalization of the neutron spectrum,
, was obtained by comparing the experimental number of 198 Au nuclei (measured by gamma activity with a high-purity germanium detector) in the Au foil monitor with the number of 198 Au nuclei calculated in the detailed simulation of the entire setup (see [52] for details).
We calculate the MACS at a given thermal energy kT with the procedure developed in [52, 54] , using the expression M ACS(kT ) = 2 √ π C H-F (kT )σ exp where the correction factor Fig. 4 shows the 36,38 Ar(n, γ) reaction rates (N A σv ) based on our measurements and extrapolation to different temperatures, compared to the rates adopted so far [49] . In order to show the potential effect of these experimental rates on stellar nucleosynthesis, we performed a single-zone network calculation using physical conditions appropriate for the He core burning phase of a massive star in which the new 36,38 Ar(n, γ)
rates are used, leaving all others unchanged [49] . The calculations are done using the singlezone NucNet Tools reaction network code [58] starting at the H-burning phase with solar abundances [3] and continuing into a single-zone He core burning (T= 300 MK, density of 1 kg/cm 3 ). Substantial (10-50%) changes in the calculated mass fractions for neutron-rich light nuclides between 34 S and 58 Fe are observed (Fig. 5) , reminiscent of the sensitivity observed in the weak s-process region (A∼56-70) due to the change of a single cross section [59] . The mass fraction of 36 Ar itself is observed to increase by a factor of ∼10 due to its dominant initial heat generator in Earth-like exoplanets, considerable heating would occur in these worlds even early in the Galaxy history.
The measurements of the 36 Ar(n, γ) cross sections affect also the calculation of the natural 37 Ar background activity in the atmosphere, the interpretation of 37 Ar emission rates in underground nuclear explosion monitoring [16] and the investigation of atmospheric air circulation [11] . The detection of 37 Ar by AMS demonstrated here opens the way to an alternative method for the monitoring of environmental samples [22] . Similarly to 37 Ar, the 38 Ar(n, γ) 39 Ar reaction contributes to the 39 Ar production rate in the atmosphere [11] and determines the initial value for the use of 39 Ar as a groundwater dating chronometer [13, 14, 61] .
In summary, first measurements of the neutron capture cross sections of 36 Ar and 38 Ar at stellar energies were performed. The experimental value for 36 Ar, in particular, is smaller than the one adopted so far from theoretical calculations and evaluations by a factor of ∼10. Nucleosynthesis calculations for the weak s-process regime using the measured cross sections are shown to increase the mass fraction of 36 Ar by a factor of ∼10 and lower the residual mass fraction of neutron-rich nuclides in the region A=36-48 by 10 to 50%. The 36,38 Ar(n, γ) cross sections affect the interpretation of environmental monitoring using 37 Ar or 39 Ar as geophysical tracers.
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